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Materials and Methods
Unless otherwise stated, all reagents were purchased from Aldrich and used without further purification. 1 HNMR and 13 C-NMR spectra were recorded on a VARIAN INOVA-400 spectrometer, using TMS as an internal reference. Mass spectrometry data were obtained with a HP1100LC/MSD mass spectrometer and a LC/Q-TOF MS spectrometer. UV-visible spectra were collected on a Perkin Elmer Lambda 35 UV-Vis spectrophotometer. Fluorescence measurements were performed on a HITACHI F7000 Fluorescence Spectrophotometer.
Synthesis
Scheme S1. 
Synthesis of 7.
The solution of compound 6 (1.63 g, 5 mmol) in 20 mL CH 2 Cl 2 was cooled to 0˚C followed by the slow addition of phosphorus tribromide (0.57 mL, 6 mmol). The solution was then warmed to 35˚C and stirred for 12h. After cooling to room temperature, the solution was washed with water (2×30 mL) and brine (2×30 mL) and dried over MgSO 4 
Synthesis of 1.
Compound 2 (0.40 g, 1 mmol), K 2 CO 3 (0.28 g, 2 mmol), KI (0.33 g, 2 mmol), 9-chloromethylanthracene (0.45 g, 2 mmol) were added to 20 mL 2-methoxyethanol. The solution was heated to reflux for 8 h and monitored by TLC. After cooling to room temperature, the solution was poured into 50 mL ice water. The product was filtered and further purified by column chromatography (SiO 2 , PE:EA = 2:1, v/v) to give 1 a yellow solid in 61.1% yield (0.36 g). Synthesis of 2. 0.2 mL Acetic acid was added to a solution of aniline (1.1 mL, 0.012 mol) in 20 mL dry toluene. Then a solution of 9-Anthraldehyde (2.06 g, 0.01 mol) in10 mL toluene was dropwise added. The mixture was heated to reflux for 3 h, and then the solvent was removed under reduced pressure. The residue was dissolved in 50 mL ethanol/DMF (3:2, v/v) solution,
followed by the addition of 0.757 g sodium tetrahydridoborate (0.02 mol) in portions. After being heated at 100˚C for 3h, the mixture was diluted with 100 mL of water, and treated with dilute acetic acid to decompose excess NaBH 4 . The precipitate was filtered off, washed with water, and dried in air. The product was purified by column chromatography (SiO 2 , PE:EA 
Single Crystal X-ray Crystallographic Analysis
Crystals were obtained by direct diffusion of ether into a solution of sensor 1 in dichloromethane. A suitable single crystal was mounted in a glass fiber, and X-ray photoelectron spectroscopy (XPS) was performed with a Thermo VG ESCALABMK2 system operating in the parallel data acquisition mode using monochromatic Al Kα radiation (hν = 1486.68 eV; spot size 400 μm). The refinement and all further calculations were carried out using SHELXL-97. The non-H atoms were refined anisotropically, using weighted full-matrix least-squares on F 2 . Absorption correction were applied based on multiple and symmetry-equivalent measurements. The hydrogen atoms were included in the models in calculated positions and were refined as constrained to bonding atoms.
It is interesting to note that naphthalene ring and anthracene ring have a face-to-face alignment, due to strong π-π stacking interactions ( Figure S3 ). The angle between naphthalene ring and anthracene ring is 19.9°, owing to steric hindrance effects. The distances between naphthalene ring (C25-C36) and anthracene ring centroids (C1-C14) is ~3.98 Å, within the effective distance of 10-100 Å required for FRET 1 . The centroid distance between the anthracene rings of two neighboring molecules amounts to 5.04 Å, with a vertical separation of 3.58 Å ( Figure S3 ).
Fluorescent Quantum Yields
Fluorescent quantum yields were determined using quinine sulfate as a reference. For sensor 1 and quinine sulfate, the absorbance spectra were measured within an absorbance range of 0.02 to 0.08. 
Correlations between Fluorescence Intensity/Lifetime and Solvent Viscosity
The relationship between solvent viscosity (η) and dye fluorescence intensity (I) is described by the Förster-Hoffmann equation ( The relationship between solvent viscosity (η) and dye fluorescence lifetime (τ f ) is summarized in Equations 3 and 4 2 :
where C is a temperature-and concentration-dependent constant and x is a dye-dependent constant; k 0 is the radiative rate constant, and z and α are constants. As shown in Figure 2d , a good relationship between logτ f and logη (R 2 = 0.987, x = 0.13) was obtained in our results.
Computational Methods
In order to understand the energetic stability of these different conformations and their impact on the optoelectronic properties of 1, quantum mechanical calculations were performed on 1 using Gaussian 09 3 , with a special interest on the relative alignment between N 1 and N 2 , i.e., the N-shaped and U-shaped alignments. These calculations were executed via six steps:
 Step 1: generated conformers of 1 using Confab (RMSD cutoff threshold: 0.5 Å; energy cutoff threshold: 10 kcal/mol) 4 . 104 conformers of 1 were thereof found.

Step 2: optimized the molecular geometries of the resulting conformers using the PM6 method in the gas phase 5 . In order to reduce the computational load, the butyl group in the 1, 8-naphthalimide fluorophore was replaced by a methyl group in this step. This replacement is reasonable, because the butyl/methyl groups do not affect the properties of
Step 3: 12 most stable conformers of 1, which includes both the N-shaped and U-shaped alignments, were selected and sent for further geometry optimizations in the gas phase, via density functional theory (DFT) based calculations. Becke's three-parameter and Lee-Yang-Parr hybrid functional (B3LYP) [6] [7] [8] and a 3-21G basis set 9-11 were used. The butyl group, previously replaced by a methyl group, was restored from this step onwards.
Step 4: six most stable conformers of 1 from the previous cycle were selected for further geometry optimizations using the B3LYP functional and a 6-31G(d) basis set 12 , in ethylene glycol solution, as accounted for via the polarizable continuum model (PCM) 13, 14 . These optimizations were followed by single point calculations using B3LYP/6-31+G(d,p) in order to accurately determine the relative energetic stability of all six conformers.
Step 5: time-dependent DFT (TD-DFT) calculations were performed on the most stable N-shaped and U-shaped conformers of 1.
In particular, the crystal structure of 1 had been determined in-house, with the N-shaped alignment between its N 1 and N 2 . Using its molecular structure in the crystal environment as a starting point, we have optimized the geometry of 1 and performed TD-DFT calculations on the resulting molecular structure as well.
In all calculations, frequency checks were performed after each geometry optimization in order to ensure that minima on the potential energy surfaces were found.
Experimental Results
Figure S1
. The UV-Vis absorption spectra of compounds 1-3 (10 μM) in ethylene glycol. 
Computational Results
The energies and optoelectronic properties of representative conformers of 1, calculated via DFT/TD-DFT, are summarized in Table S4 . Table S6 . Atomic coordinates of the N-shaped conformer of 1 (folded form with strong π-π stacking interactions; optimized based on the molecular structure determined via XRD) The DFT/TD-DFT Rationalization of Intramolecular PET in 1
The intramolecular PET process in 1 can be rationalized by considering the energy levels of the associated molecular orbitals (MOs) of both the electron donor and acceptor within this compound.
In some studies, the donor and acceptor are divided into two parts and the energy levels of their MOs are evaluated separately while investigating the thermodynamics of the intramolecular PET process 15, 16 . However, this approach ignores the interactions between the donor and the acceptor, and the partition of the donor and the acceptor can be quite arbitrary 17 . Another approach is to compute the molecular orbitals of the entire molecule, and then separate its MOs into two parts, depending whether the electron distribution localizes in the donor or the acceptor region in the molecule 17, 18 . The second approach is used in this study.
In 1, the 1, 8-naphthalimide fluorophore acts as an electron acceptor, while the aniline substituent at the 4-position functions as an electron donor during the PET process. TD-DFT calculations show that the first absorption bands of 1 mainly consist of HOMO-2  LUMO transition for 1 ( Figure S17) ; there are also minor contributions from HOMO  LUMO transitions. HOMO-2 and LUMO of 1 have very similar electron density distributions as compared to the HOMO and LUMO of 4-amino-1, 8-naphthalimide fluorophore ( Figure S18 ). These two MOs are thus attributed to the PET acceptor. In contrast, the HOMO of 1 mainly localizes in the 4-position substituent of the fluorophore. Hence, it belongs to the PET donor. It is clear that this energy configuration allows the PET to occur in 1 from the thermodynamic point of view ( Figure S19 ). 
Exponential Fittings to the Fluorescence Decay Kinetics of 1
The fluorescence lifetime of compounds 1 were measured in ethylene glycol and glycerol mixtures. The ratios of these two solvents were adjusted in order to produce mixtures of different viscosities, i.e., 20.5, 28, 33, 116, 378, and 945 cP. The fluorescence decay kinetics was fitted to both a single-exponential function (Equation 5) and a double-exponential function (Equation 6). The associated fitting parameters and goodness-of-fit (reduced χ 2 ) were summarized in Table S8 .
The fluorescence decay curves and the best-fits are also plotted in Figure S20 .
It is noticed that the double-exponential functions better describe the decay profiles of 1. For example, the reduced χ 2 values of double-exponential functions are much closer to 1, which represents an ideal fitting. The double-exponential decays of 1 suggest that there are two different fluorescence mechanisms in the emission of these compounds. We assign the relatively short-lived fluorescence (lifetime ≈ 2 ns) to the emission resulting from intramolecular charger transfer (ICT), and the relatively long-lived fluorescence (lifetime ≈ 7 ns) to the emission resulting from twisted intramolecular charger transfer (TICT). TICT emission has much longer lifetime than ICT emission 19 ; the twisting along the N-C axis at the 4-position of the 1, 8-naphthalimide fluorophore upon optical excitation is responsible for TICT emission. The changes of ICT emission (blue), TICT emission (red), and the total emission (green) intensities of 1 over solvent viscosity are plotted in Figure S21 . The relative contribution of the short-lived ICT emission in the total emission; it is computed via 1 % = 1 1 / ( 1 1 + 2 2 ) . b The relative contribution of the long-lived TICT emission in the total emission; it is computed via 2 % = 2 2 /( 1 1 + 2 2 ). c The absolute contribution of the short-lived ICT emission in the total emission; it is computed via = 1 % * , where I is the measured peak emission intensity in a given solvent. d The absolute contribution of the long-lived TICT emission in the total emission; it is computed via = 2 % * , where I is the measured peak emission intensity in a given solvent.
Additional Comments on Factors Controlling PET rates
The TICT promoted PET enhancement can be also rationalized both via the Rehm-Weller equation (Equation 7) 20-23 and the Marcus equation (Equation 8 ) 24 .
Rehm-Weller equation computes the free energy of a PET reaction, ΔG ET ; a negative ΔG ET suggests that PET is thermodynamically favorable. Assuming that E(D + /D), E(A/A -), and ΔE 0,0 remain about the same in both the ICT and TICT states, a shorter distance between the donor and acceptor affords a larger electrostatic interaction (− where ℏ is Planck's constant; is the Boltzmann constant; T is the absolute temperature; λ is the reorganization energy; and V is the electronic coupling matrix.
The V term increases exponentially as the distance between the donor and acceptor decreases 25 .
By the same token, as the 4-position substituent switches from the N-shaped conformer to the U-shaped conformer, the PET donor and acceptor in 1 become closer, resulting in a larger MO overlap; and it is not surprising that their PET rat rises substantially, by ~10 times according to our estimation. 
